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(54) SEPARATION OF GASEOUS CARBON DIOXIDE AND GASEOUS CARBON DIOXIDE ABSORBENT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To separate gaseous carbon dioxide 
from a high temp, waste gas without requiring a cooling process by 
releasing gaseous carbon dioxide from a gaseous carbon dioxide 
absorbent in a higher temp, region than a temp, region, in which 
gaseous carbon dioxide absorption reaction occurs. 
SOLUTION: A gaseous carbon dioxide-containing gas in the temp, 
region, in which the gaseous carbon dioxide absorption reaction 
occurs, is supplied to a passage 2. The gaseous carbon dioxide 
absorption reaction of gaseous carbon dioxide with the absorbent 
occurs on the surface of a separation material, which faces the 
passage 2, and a reaction product is produced on the separation 
material 1. On the other hand, an optional gas in a temp, region higher 
than the temp, region, in which the gaseous carbon dioxide absorption 
reaction occurs, and in the temp, range, in which the releasing 

reaction of gaseous carbon dioxide occurs, is supplied to the passage 3. Then, the reaction product is 
moved to the surface side of the separation material 1 , which faces the passage 3, the releasing reaction of 
gaseous carbon dioxide from the reaction product occurs on the surface of the separation material 1 , which 
faces the passage 3, and only gaseous carbon dioxide is released to the passage 3. Where, the gaseous 
carbon dioxide absorbent is, for example, a lithiated zirconia, an alkali metal oxide or an alkaline earth 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The field of the technology in which invention belongs] this invention relates to the separation method of carbon 
dioxide gas and carbon-dioxide-gas absorber which carry out separation recovery of the carbon dioxide gas out of the 
exhaust gas which occurs from the energy plant using the fuel which makes a hydrocarbon a principal component, a 
chemical processing plant, etc. 
[0002] 

[Description of the Prior Art] The increase in the carbon-dioxide-gas concentration emitted into the atmosphere poses z 
problem from a viewpoint of earth environment maintenance in recent years, and exhaust gases, such as an energy 
plant, a chemical processing plant, etc. using fuel which makes a hydrocarbon a principal component, such as a gas 
turbine and a fuel cell, to carbon dioxide gas is collected, and it recycles, or the attempt of harmless-ization-processing 
is made. 

[0003] For example, Ishikawajima-Harima Heavy Industries technical report The 34th volume No. 2 To p.83-p.92, the 
carbon dioxide gas which is an electrode reaction product is collected from the exhaust gas of a fuel cell, and the fused- 
carbonate-fiiel-cell system which carries out the reuse of this is indicated. 

[0004] That is, although the electrode reaction shown in (5) and (6) formulas of drawing 4 in a fused carbonate foel eel 
arises, this fused-carbonate-fuel-cell system reuses by collecting the carbon dioxide gas produced with an anode (fuel 
electrode), as the arrow of drawing 4 showed, and subsequently supplying a cathode (air pole) side. 
[0005] However, since the mixed gas which contains a steam, hydrogen, a carbon monoxide, methane, etc. other than 
this carbon dioxide gas usually occurs as exhaust gas in a fused carbonate fuel cell, it is necessary to separate and 
collect carbon dioxide gas from this mixed gas. 

[0006] The membrane-separation method which used the lean-solution method using the alkanolamine system solvent, 
the cellulose acetate film, etc. as a method of separating carbon dioxide gas out of such exhaust gas is learned. 
[0007] It distinguished between the supply [ of gas ], and collection side through the demarcation membrane, and it is 
the method of making penetrate only carbon dioxide gas and carrying out a collection to a collection side, the facility 
for controlling a pressure etc. was needed, and these methods had become the cause that broad use is barred. 
[0008] Moreover, the temperature of the exhaust gas introduced by any method from the heat-resistant limitation of 
material, such as a film used for these methods and a solvent, needs to be about 200 degrees C or less. Therefore, in 
order to separate carbon dioxide gas in the system which discharges hot exhaust gas, such as a fused carbonate fuel cell 
which discharges about 600-degree C exhaust gas, the process which cools exhaust gas was needed, the energy 
consumed as a result for carbon-dioxide-gas separation became large, and broad use was barred by the heat exchange 
etc. 
[0009] 

[Problem(s) to be Solved by the Invention] this invention was made in order to solve the above-mentioned technical 
problem, and it offers the separation method of the carbon dioxide gas which this invention has no pressure control and 
can perform disassembly of carbon dioxide gas easily. Moreover, this invention aims at offering the absorber of the 
carbon dioxide gas which can separate carbon dioxide gas without a cooling process out of hot exhaust gas. 
[0010] 

[Means for Solving the Problem] Invention of the 1st of this invention is the separation method of the carbon dioxide 
gas which consists of a process to which carbon dioxide gas makes emit from a carbon-dioxide-gas absorber in a hot 
temperature field from the process and the :aforementioned specification temperature requirement which a carbon- 
dioxide-gas absorption reaction arises [ temperature requirement ] in a specific temperature field, and contacts a 
carbon-dioxide-gas content gas from the aforementioned specific temperature field in the aforementioned specific 
temperature field to the carbon-dioxide-gas absorber which a carbon-dioxide-elimination reaction produces in a hot 
temperature field, and make a carbon-dioxide-gas absorber absorb carbon dioxide gas. 



[001 1 j The exhaust gas containing the carbon dioxide gas generated from the energy plant using the fuel which makes 
a hydrocarbon a principal component for the carbon dioxide gas concerning this invention with a content gas, a 
chemical processing plant, etc. is mentioned. 

[0012] moreover, the lithiation zirconia to which invention of the 2nd of this invention generates a carbonate by the 
reaction with carbon dioxide gas, the oxide of alkali metal, and the oxide of alkaline earth metal -- since -- it is the 
carbon-dioxide-gas absorber characterized by at least a kind of compound to the bird clapper chosen 
[0013] A drawing is used for below and invention of the 1st of this invention is concretely explained to it. Drawing 1 is 
the schematic diagram showing the carbon-dioxide-gas decollator which is 1 operation gestalt of invention of the 1st ol 
this invention. 

[0014] In drawing 1 , the carbon-dioxide-gas separation material in which 1 contains a carbon-dioxide-gas absorber, 
and 3 are the passage of the carbon-dioxide-gas content gas which should be collected, and 3 is the passage of the 
collected carbon dioxide gas. Passage 2 and passage 3 are established in the respectively reverse field through the 
separation material 1. carbon-dioxide-gas separation material -- the shape of a sheet or it is easy to be the thing of a 
pellet-like configuration First, the carbon-dioxide-gas content gas of the temperature field which the absorption 
reaction of the carbon dioxide gas shown above (1) produces is supplied to passage 2. Then, the field over the passage 

2 of the separation material 1, with a carbon-dioxide-gas absorber and carbon dioxide gas, a carbon-dioxide-gas 
absorption reaction arises and a resultant generates by the separation material 1. On the other hand, the arbitrary gas of 
the temperature field which the release reaction of the carbon dioxide gas shown in (2) produces is supplied to passage 
3. However, a resultant moves to the side which faces the passage 3 of the separation material 1, and the release 
reaction of the carbon dioxide gas from a resultant arises, and it makes only carbon dioxide gas emit to passage 3 the 
field over the passage 3 of the separation material 1. In order to promote movement to the side which faces the passage 

3 of the separation material 1 of a resultant, it is desirable to use meanses, such as the fluid bed. 

[0015] Moreover, drawing 2 is the schematic diagram showing the carbon-dioxide-gas decollator which is another 
operation gestalt of invention of the 1st of this invention. In drawin g 2 , the carbon-dioxide-gas separation material in 
which 1 contains a carbon-dioxide-gas absorber, and 4 are gas passage. The separation material 1 is formed in the gas 
passage 4. carbon-dioxide-gas separation material — the shape of a sheet ~ or a pellet-like thing may be used If the 
carbon-dioxide-gas content gas of the temperature field which the absorption reaction of carbon dioxide gas produces i; 
supplied to passage 4, the field over the passage 4 of the separation material 1, with a carbon-dioxide-gas absorber and 
carbon dioxide gas, the absorption reaction of carbon dioxide gas will arise and a resultant will generate. Next, supply 
of a carbon-dioxide-gas content gas is stopped, if the arbitrary gas of the temperature field which the release reaction ol 
carbon dioxide gas produces after an appropriate time is supplied, the release reaction of carbon dioxide gas can arise 
from a resultant, and the concentration gas of carbon dioxide gas can be made to emit to passage 4. 
[0016] Moreover, drawing 3 is the schematic diagram showing the carbon-dioxide-gas decollator which is another 
operation gestalt which is invention of the 1st of this invention. In drawing 3 , 21 and 22 are carbon-dioxide-gas 
absorption cylinders. The carbon-dioxide-gas absorption cylinders 21 and 22 offered the carbon-dioxide-gas separation 
material 1 containing a carbon-dioxide-gas absorber, 1', the gas passage 4, and 4' on the interior, respectively, and are 
equipped with the carbon-dioxide-containing-gas entrance 23, 23' gas outlet 24, 24', the recovery gas inlet 25, 25', the 
recovery gas outlet 26, and 26*. 

[0017] The carbon-dioxide-gas content gas entrance 23 and 23* in the carbon-dioxide-gas absorption cylinders 21 and 
22 have the structure where connect with Piping A and the gas passageway is switched by a bulb 27 and 27', 
respectively. 

[0018] It connects with Piping B similarly, respectively, and the recovery gas inlet 25 in the carbon-dioxide-gas 
absorption cylinders 21 and 22 and 25' also have a bulb 28 and the structure where a gas passageway is switched by 28 
28'. 

[0019] First, a bulb 27 is opened, bulb 27' is closed, and the carbon-dioxide-gas content gas of the temperature which 
the absorption reaction of carbon dioxide gas produces from the carbon-dioxide-gas content gas entrance 23 to the 
passage 4 of the carbon-dioxide-gas absorption cylinder 21 through Piping A is supplied. The bulb 28 is closed at this 
time. 

[0020] In the separation material 1 of the carbon-dioxide-gas absorption cylinder 21, with a carbon-dioxide-gas 
absorber and carbon dioxide gas, the absorption reaction of carbon dioxide gas arises and a resultant generates. ** gas 
after carbon dioxide gas was absorbed is discharged by the gas outlet 24 shell exterior. (Operation 1) 
After producing the absorption reaction of carbon dioxide gas to a constant rate in the separation material 1 of the 
absorption cylinder 21, a bulb 27 is closed and gas with the arbitrary temperature which opens a bulb 28 and the releast 
reaction of carbon dioxide gas produces from the recovery gas inlet 25 to the passage 4 of the carbon-dioxide-gas 
absorption cylinder 21 through Piping B is supplied. Then, the release reaction of carbon dioxide gas arises from the 
resultant in the separation material 1, and the gas by which carbon dioxide gas was condensed is emitted to the 
recovery gas outlet 26 shell exterior. (Operation 2) 



While having obtained the recovery gas by which the carbon-dioxide-elimination reaction was produced in the carbon- 
dioxide-gas absorption cylinder 21 in this way on the other hand, and carbon dioxide gas was condensed, bulb 2T is 
opened and the carbon-dioxide-gas content gas of the temperature which a carbon-dioxide-gas absorption reaction 
produces in passage 4' of the carbon-dioxide-gas absorption cylinder 22 from Piping A is supplied. In the separation 
material of the carbon-dioxide-gas absorption cylinder 22, with a carbon-dioxide-gas absorber and carbon dioxide gas, 
the absorption reaction of carbon dioxide gas arises and a resultant generates. ** gas after carbon dioxide gas was 
absorbed is discharged by the gas outlet 24' shell exterior. (Operation 3) 

After producing the absorption reaction of carbon dioxide gas to a constant rate in the separation material 1 of the 
carbon-dioxide-gas absorption cylinder 22, bulb 27' is closed and gas with the arbitrary temperature which opens bulb 
28* and the release reaction of carbon dioxide gas produces from the recovery gas inlet 25 to the passage 4 of the 
carbon-dioxide-gas absorption cylinder 21 through Piping B is supplied. Then, the release reaction of carbon dioxide 
gas arises from the resultant in the separation material 1, and the gas by which carbon dioxide gas was condensed is 
emitted to the recovery gas outlet 26' shell exterior. (Operation 4) 

Next, recovery of carbon dioxide gas is continuously made from a carbon-dioxide-gas content gas by repeating the 
above operation 1 - operation 4 That is, while the carbon-dioxide-gas absorption cylinder 21 is recovering carbon 
dioxide gas from the carbon-dioxide-gas content gas, carbon dioxide gas is made to emit to recovery gas by the carbon- 
dioxide-gas absorption cylinder 22. Next, while making carbon dioxide gas emit to recovery gas by the carbon-dioxide 
gas absorption cylinder 21, the carbon-dioxide-gas absorption cylinder 21 recovers carbon dioxide gas from a carbon- 
dioxide-gas content gas. This operation is repeated and is performed. The repeat of this operation is realizable with 
operation of the bulb of the entrance of each gas. 

[0021] The number of the aforementioned carbon-dioxide-gas absorption cylinders cannot be limited to 2, and let it be 
two or more plurality if needed. Thus, when an absorption reaction with carbon dioxide gas arises in two or more 
specific temperature fields, and carbon-dioxide-gas content gas is supplied one by one and carbon dioxide gas makes it 
collect from the aforementioned specific temperature field to the container equipped with the carbon-dioxide-gas 
absorber which the release reaction of carbon dioxide gas produces in a hot temperature field, and a carbon-dioxide-ga; 
content gas inlet and a gas outlet, carbon dioxide gas is continuously recoverable. 

[0022] A kind of compound chosen from the lithiation zirconia which generates a carbonate by the reaction with the 
carbon dioxide gas which is invention of the 2nd of this invention as a carbon-dioxide-gas absorber which a carbon- 
dioxide-gas absorption reaction produces in the specific temperature field used by invention of the 1st of this invention 
and a carbon-dioxide-elimination reaction produces in a hot temperature field from the aforementioned specific 
temperature field, the oxide of alkali metal, and the oxide of alkaline earth metal is mentioned at least. 
[0023] as the lithiation zirconia which generates a carbonate by the reaction with carbon dioxide gas — Li2 Zr03 and 
Li4 Zr04 etc. — it is mentioned For example, Li2 Zr03 Carbon dioxide gas is absorbed at the following reactions of 
(1), and carbon dioxide gas is emitted at the reaction of (2). 
[0024] 
[Formula 1] 

Li2 Zr03 (s) +C02 (g) -> Zr02 (s) +Li2 C03 (1) (1) 

[0025] 

[Formula 2] 

Zr02 (s) +Li2 C03 (1) ->Li2 Zr03 (s) +C02 (g) (2) 

Since it is generated at the temperature of 400 degrees C - 580 degrees C, (1) absorbs carbon dioxide gas alternatively 
from a carbon-dioxide-gas content gas with a temperature of 400 degrees C - 580 degrees C, and it generates the 
resultant which consists of a liquid and a solid-state here. Moreover, since it is generated under temperature conditions 
600 degrees C or more, the reaction of (2) can make carbon dioxide gas emit by what the resultant generated at the 
reaction of the above (1) is set for under a temperature condition 600 degrees C or more. 
[0026] Moreover, Li4 Zr04 It is Zr02 by the absorption reaction of carbon dioxide gas under the almost same 
temperature conditions, (s) Li2 C03 (1) It generates and the release reaction of carbon dioxide gas is produced from the 
resultant. Since a solid compound will always exist before and after the absorption reaction (1) of carbon dioxide gas, 
and release reaction (2) and the above-mentioned lithiation zirconia which generates a carbonate by the reaction with 
carbon dioxide gas has the small change of state by the absorption reaction (1) and release reaction (2), the reversibility 
of a reaction is high and suitable for repeat use. 

[0027] Li2 O and Na2 O are mentioned as an oxide of the alkali metal which generates a carbonate by the reaction wit! 
carbon dioxide gas. Moreover, MgO and CaO are mentioned as an oxide of the alkaline earth metal which generates a 
carbonate by the reaction with carbon dioxide gas. Li2 O absorbs carbon dioxide gas at the following reactions of (3), 
and emits carbon dioxide gas at the reaction of (4). 
[0028] 
[Formula 3] 



Li2 O (s) +C02 (g) ->Li2 C03 (1) (3) 

[0029] 

[Formula 4] 

Li2 C03 (1) ->Li2 O (s) +C02 (g) (4) 

Since it is generated at the temperature of 700 degrees C - 1000 degrees C, (3) absorbs carbon dioxide gas alternatively 
from a carbon-dioxide-gas content gas with a temperature of 700 degrees C - 1000 degrees C, and it generates the 
resultant which consists of a liquid and a solid-state here. Moreover, since it is generated under temperature conditions 
1 100 degrees C or more, the reaction of (4) can make carbon dioxide gas emit by what the resultant generated at the 
reaction of the above (3) is set for under a temperature condition 1 100 degrees C or more. 

[0030] Since Na2 O produces the absorption reaction of carbon dioxide gas at the temperature of 700 degrees C - 1700 
degrees C, it absorbs carbon dioxide gas alternatively from a with a 700-degree-C or more temperature [ less than 
1700-degree C temperature ] carbon-dioxide-gas content gas, and it generates the resultant which consists of a liquid 
and a solid-state. Moreover, since the carbon-dioxide-elimination reaction from a resultant arises above 1800 degrees 
C, carbon dioxide gas can be made to emit by what is set under a temperature condition 1800 degrees C or more. 
[003 1] Since MgO produces the absorption reaction of carbon dioxide gas at the temperature of 300 degrees C - 400 
degrees C, it absorbs carbon dioxide gas alternatively from a with a 300-degree-C or more temperature [ less than 400- 
degree C temperature ] carbon-dioxide-gas content gas, and it generates a resultant. Moreover, since the carbon- 
dioxide-elimination reaction from a resultant arises above 400 degrees C, carbon dioxide gas can be made to emit by 
what is set under a temperature condition 400 degrees C or more. 

[0032] Since CaO produces the absorption reaction of carbon dioxide gas at the temperature of 600 degrees C - 800 
degrees C, it absorbs carbon dioxide gas alternatively from a with a 600-degree-C or more temperature [ less than 800- 
degree C temperature ] carbon-dioxide-gas content gas, and it generates the resultant which consists of a liquid and a 
solid-state. Moreover, since the carbon-dioxide-elimination reaction from a resultant arises above 600 degrees C, 
carbon dioxide gas can be made to emit by what is set under a temperature condition 800 degrees C or more. 
[0033] The absorber which consists of a kind of compound chosen from the lithiation zirconia which generates a 
carbonate by the reaction with the above-mentioned carbon dioxide gas, the oxide of alkali metal, and the oxide of 
alkaline earth metal at least may be in the state which could use independently and added various additives, 
respectively. 

[0034] as an additive — LiC03 and K2 C03 etc. -- the carbonate of alkali metal or alkaline earth metal is mentioned It 
is desirable to add, since influence of absorption and the gestalt change by release reaction can be made as small as 
possible while promoting absorption of carbon dioxide gas by mixing with the carbonate of alkali metal or alkaline 
earth metal, and using. A kind of thing of a lithiation zirconia, the oxide of alkali metal, and the oxide of alkaline earth 
metal of the carbonate of alkali metal or alkaline earth metal of which 5-25 mol % addition is done is desirable at least. 
The carbonate of alkali metal or alkaline earth metal is added to the lithiation zirconia which generates a carbonate by 
the reaction with carbon dioxide gas preferably especially. 

[0035] For a lithiation zirconia, although it is desirable, when the reversibility of a reaction is high, there are little 
absorption of carbon dioxide gas and gestalt change by release reaction, therefore the above-mentioned carbonate is 
further added in that it is suitable for repetition use, this carbonate is Li2 Zr03. It is held in the pore of the porosity 
object which consists of a particle, and the volume change accompanying the absorption and release reaction of carbon 
dioxide gas based on the above (1) and (2) formulas is reduced. For this reason, porous structure can be made to hold 
for a long period of time. That is, in case it uses repeatedly by this operation, it is Li2 Zr03. A particle exfoliates and 
disperses and the phenomenon in which it is carried away with gas can be prevented, the carbonate of alkali metal or 
alkaline earth metal -- a lithiation zirconia (Li2 Zr03) -- receiving — 3-25-mol% -- adding is desirable less than 
[ 3mol% ], the effect of porosity object structure preserving is not enough, and the reservation holding the lithium 
carbonate generated with a carbon-dioxide-gas absorption reaction more than at 15mol% of pore serves as difficulty It 
is 5-15mol % more preferably. Moreover, as an absorber of carbon dioxide gas, in case a lithiation zirconia is used, it i; 
LiC03. K2 C03 It is desirable to use the mixed carbonate mixed with the mixing ratio of 50:50-70:30 (mol ratio). 
[0036] Moreover, you may add further the fine particles of the ceramics which consist of multiple oxides, such as 
lithium aluminum NETO or lithium tantalate which acts on the absorber of carbon dioxide gas as a base material of a 
carbon-dioxide-gas absorber, as another additive. To the carbonate, since it is stable, these fine particles are suitable as 
a base material of a carbon-dioxide-gas absorber. 

[0037] as lithium aluminum NETO alpha-Li AlO 2, beta-Li AlO 2, and gamma-Li AlO 2 from -- it is chosen -- a kind 
is mentioned at least As lithium tantalate, they are LiTa03 and Li3 Ta04. It is mentioned. 

[0038] Lithium aluminum NETO or lithium tantalate is especially added preferably to the lithiation zirconia which 
generates a carbonate by the reaction with carbon dioxide gas. 

[0039] Lithium aluminum NETO or lithium tantalate added is Li2 Zr03. When homogeneity is mixed with a particle, i 
is Li2 Zr03. Li2 Zr03 which advances when it is arranged between particles and hot environments ** in connection 



with the absorption and release reaction of carbon dioxide gas based on the aforementioned reaction formula (1) and (2 
Coalesce / growth behavior of a particle tends to be reduced and it is going to maintain porous structure stably. Lithiuir 
aluminum NETO or lithium tantalate can exist stably chemically in the aforementioned hot environments. By this 
effect, it is Li2 Zr03. A particle exfoliates and disperses from porous structure, and the phenomenon in which it is 
carried away with gas can be prevented, and it is Li2 Zr03. The specific surface area of a particle can be maintained 
and a prompt advance of the absorption and release reaction of carbon dioxide gas can be maintained. 
[0040] A desirable addition is Li2 Zr03. It is about 13-36 % of the weight to a particle, and is 20 - 30% of the weight 
of a range more preferably. Li2 Zr03 which is a main carbon-dioxide-gas absorber considering the effect which 13% o 
less of this reason is not enough as the effect for suppressing coalesce and growth of a particle, and suppresses coalesce 
and growth of a particle at 36% or more the content of a particle falls -- it is because the demerit is larger and it is not 
efficient 

[0041] As for the carbon-dioxide-gas absorber of this invention, it is desirable to be used in the form of the separation 
material which is the porosity object formed from the fine particles of at least a kind of compound chosen from the 
lithiation zirconia which generates a carbonate by the reaction with carbon dioxide gas, the oxide of alkali metal, and 
the oxide of alkaline earth metal, or the mixed-powder object which added the additive to these fine particles, and was 
fabricated in the form of the shape of the shape of a pellet and a sheet. As for the mean particle diameter of fine 
particles, at this time, it is desirable that it is 0.01 micrometers - 1.0 micrometers. Moreover, this porosity object may 
support both sides by the porous layer which consists of ceramics of multiple oxides, such as lithium aluminum NETO 
and may be raising intensity. 

[0042] A pellet-like carbon-dioxide-gas absorber can be obtained by fabricating by the pressure which is the grade in 
which a form does not collapse after carrying out uniform mixture of the fine particles of at least a kind of compound 
chosen from the lithiation zirconia which generates a carbonate by the reaction with carbon dioxide gas of 0.01 
micrometers - 1.0 micrometers of mean particle diameters, the oxide of alkali metal, and the oxide of alkaline earth 
metal, or the mixed-powder object which added the additive to these fine particles as much as possible. 
[0043] Moreover, the absorber of sheet-like carbon dioxide gas is created as follows, for example. First, with binders, 
such as solvents, such as the end of mixed powder the fine particles of at least a kind of compound chosen from the 
lithiation zirconia which generates a carbonate by the reaction with carbon dioxide gas of 0.01 micrometers - 1.0 
micrometers of mean particle diameters, the oxide of alkali metal, and the oxide of alkaline earth metal, or the ceramic; 
which becomes this powder from a multiple oxide was added, and toluene, a polyvinyl butyral, and dibutyl phtalate, 
wet blending is carried out and a slurry is prepared. Next, by the doctor blade method, it film-izes, heating degreasing i 
carried out, and a porosity object is formed. After an appropriate time, you may carry out melting sinking in of the 
carbonate of alkali metal or alkaline earth metal. 

[0044] It is Li2 Zr03 as an absorber of the separation material 1 containing the carbon-dioxide-gas absorber of a 
carbon dioxide scrubber shown in drawing 1 . When it is used, the carbon-dioxide-gas content gas of the temperature 
which is about 400 degrees C - 580 degrees C which the absorption reaction of the carbon dioxide gas shown above (1] 
produces is first supplied to passage 2. Then, Zr02 which the carbon-dioxide-gas absorption reaction of (1) arises with 
a carbon-dioxide-gas absorber and carbon dioxide gas, and is a resultant in the separation material 1 the field over the 
passage 2 of the separation material 1 (s) Li2 C03 It generates. On the other hand, it is a resultant when a gas with a 
temperature of 600 degrees C or more which the release reaction of the carbon dioxide gas shown in (2) produces is 
supplied to passage 3. Zr02 (s) Li2 C03 It will be heated in passage 3, the reaction of (2) will arise, and carbon dioxidi 
gas will be emitted to passage 3. It is desirable to move the field of the separation material 1 which received passage 2 
by meanses, such as the fluid bed, in the separation material 1 so that passage 3 may be received. 
[0045] as a carbon-dioxide-gas absorber -- other absorbers 4, for example, Li4 Zro, etc. -- the lithiation zirconia which 
generates a carbonate by the reaction with carbon dioxide gas — The oxide of the alkali metal which generates a 
carbonate by the reaction with carbon dioxide gas, such as Li2 O, Na2 O, and K2 O When the oxide of the alkaline 
earth metal which generates a carbonate by the reaction with carbon dioxide gas, such as MgO and CaO, is used, in 
passage 2 What is necessary is to supply the carbon-dioxide-gas content gas of the temperature field which the 
absorption reaction of carbon dioxide gas produces, and just to supply the gas of the temperature field which the releast 
reaction of carbon dioxide gas produces to passage 3 subsequently. 

[0046] Moreover, when Li2 Zr03 is used as carbon-dioxide-gas separation material 1 of the carbon-dioxide-gas 
decollator shown in drawing 2 , the carbon-dioxide-gas content gas of the temperature which is about 400 degrees C - 
580 degrees C which the absorption reaction of the carbon dioxide gas shown above (1) produces is first supplied to 
passage 4. Then, Zr02 which the carbon-dioxide-gas absorption reaction of (1) arises with a carbon-dioxide-gas 
absorber and carbon dioxide gas in an absorber 1, and is a resultant (s) Li2 C03 It generates. Subsequently, supply of a 
carbon-dioxide-gas content gas is once stopped, and, subsequently to (2), passage 4 supplies a gas with a temperature 
of 600 degrees C or more which the release reaction of the carbon dioxide gas shown produces. Zr02 (s) It will be 
heated in passage 4, the reaction of (2) will arise, and Li2 C03 will emit carbon dioxide gas to passage 4. 



[0047] as a carbon-dioxide-gas absorber -- other absorbers 4, for example, Li, Zr04 etc. — the lithiation zirconia which 
generates a carbonate by the reaction with carbon dioxide gas The oxide of the alkali metal which generates a 
carbonate by the reaction with carbon dioxide gas, such as Li2 O, Na2 0, and K2 O When the oxide of the alkaline 
earth metal which generates a carbonate by the reaction with carbon dioxide gas, such as MgO and CaO, is used, in 
passage 4 What is necessary is to supply the carbon-dioxide-gas content gas of the temperature field which the 
absorption reaction of carbon dioxide gas produces, to once stop supply of a carbon-dioxide-gas content gas, and just t( 
supply the gas of the temperature field which the release reaction of carbon dioxide gas produces subsequently to 
passage 4 subsequently. 

[0048] If the absorber of the carbon dioxide gas of invention of the 2nd of this invention is used as an absorber of the 
carbon dioxide gas of the 1st invention of this invention, since a carbon-dioxide-elimination reaction will be performed 
at temperature higher than a carbon-dioxide-gas absorption reaction, the concentration carbon dioxide gas of 
temperature higher than the temperature of the supplied exhaust gas is recoverable. Therefore, this concentration 
carbon dioxide gas can be used for the use for which supply of hot carbon dioxide gas is needed. For example, the 
separation method of carbon dioxide gas is used using the absorber of the carbon dioxide gas of invention of the 2nd of 
this invention suitable for recycling of the carbon dioxide gas in the exhaust gas in a fused carbonate fuel cell as shown 
in drawing 3 as an absorber of the carbon dioxide gas of the 1st invention of this invention. 

[0049] The schematic diagram of the fused carbonate fuel cell power generation system which had a carbon-dioxide- 
gas decollator in drawing 3 is shown. For an anode and 12, as for a reformer and 14, in drawing 3 , a cathode and 13 ar- 
[ 1 1 / a shift converter and 15 ] carbon-dioxide-gas decollators. The exhaust gas which occurs with an anode 1 1 is sent 
to a shift converter 14. A shift converter is the reactor which is going to obtain hydrogen from the carbon monoxide in 
exhaust gas using CO+H2 0->H2+C02 (water gas shift reaction). Then, it is sent to a carbon-dioxide-gas decollator, 
and exhaust gas separates only carbon dioxide gas, and supplies the separated carbon dioxide gas to a cathode again. 
When collecting the carbon dioxide gas produced with an anode (fuel electrode) and supplying a cathode (air pole) side 
subsequently, the carbon dioxide gas supplied to a cathode (air pole) side needs to be near 650 degree C. Here, if the 
separation method of carbon dioxide gas of having used the recovery material of the carbon dioxide gas of invention of 
the 2nd of this invention for the carbon-dioxide-gas decollator as an absorber of the carbon dioxide gas of the 1st 
invention of this invention is applied, since concentration carbon dioxide gas 600 degrees C or more will be obtained, i 
becomes large saving of the energy needed for heating of carbon dioxide gas etc. 

[0050] According to invention of the 1st of this invention, control of the pressure of the exhaust gas which supplies a 
temperature gradient as driving force since carbon dioxide gas is separable, and the collected carbon dioxide gas is 
unnecessary, and since carbon dioxide gas is separable by controlling only a temperature gradient, separation of carbon 
dioxide gas is easily possible. 

[0051] According to invention of the 2nd of this invention, carbon dioxide gas is separable efficient out of the hot 
exhaust gas exceeding 500 degrees C. Moreover, if the absorber of the carbon dioxide gas of invention of the 2nd of 
this invention is used as an absorber of the carbon dioxide gas of the 1st invention of this invention, carbon dioxide gas 
is separable efficient out of the hot exhaust gas exceeding 500 degrees C, and since the carbon dioxide gas by which 
separation recovery was carried out is an elevated temperature, if it is used for the use for which supply of hot carbon 
dioxide gas is needed, saving of energy of it will be attained. 
[0052] 
[Example] 

(Example 1) Li2 Zr03 of 1 micrometer of mean particle diameters as a carbon -dioxide-gas absorber With alumina 
balls, 38g of powder of 1 micrometer of mean particle diameters which consists of a mixed carbonate which serves as 
153. lg of powder from Li2 C03 62mol % and K2 C03 38mol % was put into the pot, and it was blended dryly for 1 
hour. This end of mixed powder was put in and compressed into metal mold after that, and it considered as the Plastic 
solid with a thickness of about 1mm. The whole contains the mixed carbonate 19.9% of the weight. 
[0053] It has arranged as carbon-dioxide-gas separation material to the equipment which shows this Plastic solid to 
drawing 2 , and the separation experiment of carbon dioxide gas was conducted. In drawing 2 , 1 is the separation 
material of carbon dioxide gas, and 4 is gas passage. The carbon-dioxide-gas segregant is prepared in the gas passage 4 
It is 550-degree C C02 to the gas passage 4. : 20%, N2 : 46%, CO: 10%, H2 : 12%, H2 650-degree-CCO2 of the after 
that which passed 2241. (reference condition conversion) of gas which consists of 0:12%, and was contacted for 1 
hour : 50%, N2 : 16%, CO: 10%, H2 : Gas 2241. (reference condition conversion) which consists of 12% and H2 0:12°/ 
was passed to the gas passage 4, Then, C02 of the gas of the gas passage 4 It is C02 when concentration was 
measured. Concentration rose to 54.1%. 

[0054] (Example 1 of comparison) It is C02 to the film which consists of cellulose acetate. : 20%, N2 : 46%, CO:20%, 
H2 : When exposed into the 500-degree C gas which consists of 12% and H2 0: 12%, the transformation by heat arose 
on the film and separation of carbon dioxide gas was impossible. 

[0055] (Example 2 of comparison) the carbon-dioxide-gas absorber of an example 1 -- replacing with -- gamma- 



aluminum 203 from - the separation experiment of carbon dioxide gas was conducted like the example 1 except 
having arranged the becoming Plastic solid C02 of the gas of the gas passage 4 It is C02 when concentration was 
measured. Concentration continues being 50.0%. 

[0056] (Example 2) Li2 Zr03 of 1 micro of mean particle diameters as a carbon-dioxide-gas absorber Wet blending of 
the particle was carried out with toluene, a polyvinyl butyral, and dibutyl phtalate for 20 hours, and the slurry was 
prepared and it considered as the film of about 2mm in thickness, and about 55% of porosity by the doctor blade 
method. Thus, obtained Li2 Zr03 It is Li2 Zr03 at a mol ratio about the mixed carbonate which arranges the film by 
the particle to a stainless steel pipe wall with a length [ the bore of 10cm and length ] of 100cm, carries out heating 
degreasing and becomes after an appropriate time from Li2 C03 62mol % and K2 C03 38mol %. It received and 
carried out melting sinking in 10%. 

[0057] Then, it has arranged in the center section of the absorption cylinder containers 22 and 23 which show this 
sinking-in object to drawing 3 , and the carbon-dioxide-gas content gas entrance 23, 23', the recovery gas inlet 25, 25', 
the gas outlet 24, 24', the recovery gas outlet 26, and 26* were installed. Operation of bulb 27, 27, 28, and 28* changed 
the gas passageway. 

(1) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% was first supplied at th« 
rate of per minute 5 L to the absorption cylinder container 2 for 10 hours. And C02 5% and Air95% of gas was 
obtained. In the meantime, gas was not supplied to the absorption cylinder container 22. 

(2) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the absorption 
cylinder container 22 by bulb operation was supplied at the rate of per minute 5 L for 10 hours. And C02 5% and 
Air95% of gas was obtained. In the meantime, to the absorption cylinder container 21, gas was supplied at the rate of 
per minute 5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was 
obtained. 

(3) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the absorption 
cylinder container 21 by bulb operation was supplied at the rate of per minute 5 L for 10 hours. C02 5% and Air95% o 
of gas was obtained. In the meantime, to the absorption cylinder container 22, gas was supplied at the rate of per minut 
5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was obtained. 
[0058] According to the above operation, as shown in drawing 6 , the gas which should absorb carbon dioxide gas can 
be continuously supplied and processed in the hot state, and processing of the carbon-dioxide-gas content gas in the 
energy plant generated continuously essentially is attained. 

[0059] (Example 3) Li2 Zr03 of 1 micro of mean particle diameters as a carbon-dioxide-gas absorber Wet blending of 
the particle was carried out with toluene, a polyvinyl butyral, and dibutyl phtalate for 20 hours, and the slurry was 
prepared and it considered as the film of about 2mm in thickness, and about 55% of porosity by the doctor blade 
method. Thus, obtained Li2 Zr03 It is Li2 Zr03 at a mol ratio about the mixed carbonate which arranges the film by 
the particle to a stainless steel pipe wall with a length [ the bore of 10cm and length ] of 200cm, carries out heating 
degreasing and becomes after an appropriate time from Li2 C03 62mol % and K2 C03 3 mol8%. It received and 
carried out melting sinking in 10%. 

[0060] Then, it has arranged in the center section of the absorption cylinder container which shows this sinking-in 
object to drawing 2 , and a gas inlet and two gas outlets were installed, respectively. 

(1) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% was first supplied at th< 
rate of per minute 10 L to the absorption cylinder container for 10 hours. And C02 5% and Air95% of gas was 
obtained. 

(2) The gas which consists of one atmospheric pressure, 650 degrees C, CO250%, and Air50% to an absorption 
cylinder container by bulb operation was supplied at the rate of per minute 10 L for 10 hours. And C02 65% and 
Air35% of gas was obtained. 

(3) The gas which consists of one atmospheric pressure, 550 degrees C, CO220%, and Air80% to an absorption 
cylinder container by bulb operation was supplied at the rate of per minute 10 L for 10 hours. And C02 5% and 
Air95% of gas was obtained. 

According to the above operation, it was continuously [ what can make twice the flow rate of the gas which should 
absorb carbon dioxide gas as shown in drawing 6 ] unabsorbable. 

[0061] (Examples 4-7) Li2 Zr03 of 1 micro of mean particle diameters Wet blending of the particle was carried out 
with toluene, a polyvinyl butyral, and dibutyl phtalate for 20 hours, and the slurry was prepared and it considered as the 
film with a thickness of about 2mm by the doctor blade method. Thus, obtained Li2 Zr03 It is Li2 Zr03 about the 
carbonate which arranges the film by the particle to a stainless steel pipe wall with a length [ the bore of 10cm and 
length ] of 100cm, carries out heating degreasing, uses as the porosity object of about 55% of porosity after an 
appropriate time, and is shown in Table 1 . It received and carried out heating sinking in. 
[0062] 
[Table 1] 
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[0063] Then, it has arranged in the absorption cylinder container 22 and 23 center sections which show this sinking-in 
object to drawing 3 , and the carbon-dioxide-gas content gas entrance 23, 23* recovery gas inlet 25, 25', the gas outlet 
24, 24', the recovery gas outlet 26, and 26* were installed. Operation of bulb 27, 27', 28, and 28* changed the gas 
passageway. 

(1) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% was first supplied at th< 
rate of per minute 5 L to the absorption cylinder container 21 for 10 hours. And C025% and Air95% of gas was 
obtained. In the meantime, gas was not supplied to the absorption cylinder container 22. 

(2) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the absorption 
cylinder container 22 by bulb operation was supplied at the rate of per minute 5 L for 10 hours. And C02 5% and 
Air95% of gas was obtained. In the meantime, to the absorption cylinder container 21, gas was supplied at the rate of 
per minute 5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was 
obtained. 

(3) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the absorption 
cylinder container 21 by bulb operation was supplied at the rate of per minute 5 L for 10 hours. C02 5% and Air95% o 
of gas was obtained. In the meantime, to the absorption cylinder container 22, gas was supplied at the rate of per minut 
5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was obtained. 
[0064] Li2 Zr03 which the above operation is repeated and is a main carbon-dioxide-gas absorber The number of time; 
until 10% of a weight exfoliates from an absorption cylinder was written together to Table 1. When a mixed alkali- 
metal carbonate is added, it turns out that a life is improved repeatedly. 

[0065] (Examples 8-12) Li2 Zr03 of 1 micro of mean particle diameters as a carbon-dioxide-gas absorber It added at a 
rate which shows gamma-lithium aluminum NETO with a particle size of about 0.4-1.0micro in Table 1, and wet 
blending was carried out with a polyvinyl butyral and dibutyl phtalate for 20 hours, and the slurry was prepared and it 
considered as the film with a thickness of about 2mm by the doctor blade method. Thus, the obtained film is arranged 
to a stainless steel pipe wall with a length [ the bore of 10cm and length ] of 100cm, and heating degreasing is carried 
out, and it considers as the porosity object of about 55% of porosity after an appropriate time, and is Li2 Zr03 about a 
carbonate. It carried out heating sinking in as it received and was shown in Table 2. 
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[0067] Then, it has arranged in the center section of the absorption cylinder container which shows this sinking-in 
object to drawing 3 , and the carbon-dioxide-gas content gas entrance 23, 23', the recovery gas inlet 25, 25', the gas 
outlet 24, 24', the recovery gas outlet 26, and two 26' were installed, respectively. As shown in drawin g 1 , two (second 



(first)) absorption cylinder containers are prepared, and bulb 27, 27', 28, and 28* operation changed the gas passageway 

(1) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% was first supplied at th< 
rate of per minute 2.5 L to the absorption cylinder container 21 for 10 hours. And C02 5% and Air95% of gas was 
obtained. In the meantime, gas was not supplied to the absorption cylinder container 22. 

(2) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the absorption 
cylinder container 22 by bulb operation was supplied at the rate of per minute 2.5 L for 10 hours. And C02 5% and 
Air95% of gas was obtained. In the meantime, to the absorption cylinder container 21, gas was supplied at the rate of 
per minute 2.5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was 
obtained. (3) The gas which consists of one atmospheric pressure, 550 degrees C, C02 20%, and Air80% to the 
absorption cylinder container 21 by bulb operation was supplied at the rate of per minute 2.5 L for 10 hours. C02 5% 
and Air95% of gas was obtained. In the meantime, to the absorption cylinder container 22, gas was supplied at the rate 
of per minute 2.5 L from 650 degrees C, C02 50%, and Air50% for 10 hours. And C02 65% and Air35% of gas was 
obtained. 

[0068] C02 at the time of supplying gas at the rate of per minute 5 L temporarily from Air50% 650 degrees C and 50°/ 
repeatedly until 1000 hours passed the above operation Composition was written together to Table 2. Moreover, it 
cooled to the room temperature after that, the weight of the porosity object which remained was measured, it asked for 
the survival rate, and the result was also written together to Table 2. When lithium aluminum NETO is added, even if a 
repeat life passes for a long time, it turns out that absorption of prompt carbon dioxide gas is secured. 
[0069] 

[Effect of the Invention] As stated above, according to this invention, the separation method of the carbon dioxide gas 
which can perform separation of carbon dioxide gas having no pressure control and easily can be offered. Moreover, 
according to this invention, it can become possible to separate direct carbon dioxide gas out of hot exhaust gas, and 
carbon dioxide gas can be separated with few energy out of hot exhaust gas. 



[Translation done.] 



(19)H*H4^Fff (JP) 



«2> & m & « <*> 



(ll)»mi*&IB## 

#H¥9-99214 

(43)*»§B ¥tf9*P(1997)4fll5B 



(5i)inta o mim tf^mm^ pi 83B*j*ser 

BO ID 53/62 BO ID 53/34 1 3 5Z 

53/14 53/14 A 

BO 1 J 20/04 BO 1 J 20/04 C 



»*®©»5 OL (£10 ID 



(21)(HH#^ 


fcH¥8-31531 


(71) USA 


000003078 










(22)|IIKB 


^JS£8^(1996) 2^200 




»*;ilJgJII«Tp^Kail|III72S» 






(72)«W# 


fill »9! 


(31)flBat*®## 


#HW-196311 






(32)«jfcB 


^7 0996)8^10 






(33)(B%tfitt3ffi3 


H# (JP) 




*H 5§fr 








«^H*JI|«rti^K/Mfii«^»r 1 « 






































(74)«3A 













(54) B8Wo*#3 K»^x©^MBttFj*Rff^btfX!aJK« 



(57) 

[IDS] *IKBI±. *^HB«BE*«iJfflI^L-C^^ 
■RIR»T'J>£. 




(2) 



ftm i 9-99214 



tzgmjfx&mz-t&xnt ■. mm%mm&£ o 

t*omm¥f%m.mm *)m^mmm\tmmta 10 
*)ms&i^m-h. yf-^-Mts^a^r, r**v 

[19*314] y*-?Afts/;l'2:r7*fr&&&£lMr*ig 20 

iKttt y at ;u s *- b i> L < « y a ? v * v 

Xftffljfc. 

*>. yf-^-Mki^n^r. r/i^y&goiHUiiK & 
# 7/1^ y±»*flK>iMtift« frt>mim&'j>%< 1 1> 

*t. 

[OOOl] 30 
[0002] 

[0003] mm. wuManm S&34& s&2 
^ p. 8 3- P . 9 2izi*m9momiatfxfrt>m 
mzu&&mrc&&$s&fxz®)iiu ztizwmm-t 

[0004] tth*>. mmmmmmwiiizts^x 

\m4V>(5). (6) XlZTrrtWmj&i&kt&lfi. 

idcry-K (mm) x'>ki&m#xz®iRi. 



[0005] wei,***^ a^j§M^<ssimm?i!! 

fl^sSt Xfymt'&tsMlirtfxWMztLxm.-t 

znm&yxfrhm^xtmLxmL-th 

[0006] zcox 0 %m#z<t>frt>mtfziftm 
burnt lx&. T)Vfj j-)vt 5 ymmtmm i*z 
mmm. wm*t\<v-xm*mit:®mm:t' 

[0007] Ztlt>?>1ttlZ. KWimitLX1!lX<7)& 

imtmmiz&xmi^v. wwzsma^nwk 

->X^tz. 

[0 0 08] 4fc. ztit>cniT&izmztihm j &m 

~$-h®#x<r>mffih 2 0 owxfxbhitmfihh . 
Ltzifi^xm 0 o^^^xtstaj-rssii^s^ 

xkftm-hxwfia&k.**)* &%miiz\±m&tfxft 
im^mmtfmfhtix^t:. 

[0009] 

Vrt-&tzMz%2tifzl>0)X\ *mbi&))®W%LX' 
[00 10] 

mm.®* ^mi&e>umm?%mxmib%&ti t £.t 
hm&tfxmmt. m&tfxttfmz. m§m%& 
gffi&iz&^xffl&z #im#xwmizm&*fxz®. 

him#x<rymmx'bh . 

[0011] *mizfrfr&m#x£ttmtim 

^mz^&ftt-r&imimm-t&xit^-ryy 

[ 0 0 1 2 1 ttz. *mico%2<?>miii. smxxt 

t imit^hm&tixmmx'hh. 

[0013] m\zmmzm^x*mxm 1 mmz 



(3) 

3 

[ooi4]0i fctjvvc N i tems&fzwm &air 

2fcjrrSffi-CJi, iSa^x8M»fclSIWfx£J:oT 
imtfxi»iKRJStf£t, ^{H»lT'liRJE4j£!Bj*^ 
j£-f5. — SEB3(c(i ( 2 ) {z^Ztikm&tixn 

a>s t,zz&&&m±ttmtt i <osess 3 nffi-r sfist^s 

^J8lttl08£SS3fc:W^-SBaTa. Ri54j£!fi>i*^ 
^^#x<o»aiRJ&#£t. m>Jfxc^£S£S&3fc: 
»aj$*Sfc<OT»&. RJE^j£?5!K05)-gittl<Oig883 

[0015]**:. 02«*%bj^ i ammmvm 

2 iz&^X . 1 »i|SSg#xigJKtt£irfrr &^BWf x# 

sitt. 4«^«cs£is-c*s. #gimttmttsas84i*i{c 
Kite. t&mmmimtfx'kiim*mte?& t » 

^S»T.l<05g»4Kj»ttSffi-CJi. m#x©JKttfc& 

x-Hftte-TSfc. EUS^^tlSKtfxo&ajSJStf 
i^tfx«^#x£^4fc:;feaj$tf6-i:a { 

[0 0 16] 03te#^<7)m<Df&BHTJ>S»l 

5. 03ti5Wt 2 1,2 2lii^#XiftJKf8reS>S. 
^!WfXl»JR©2 1 . 2 2te*tl?tXJ*imzm&tfX® 

4' 2fc|ia^X£H^ftAP2 3, 2 3' 40 

jR*ajP2 4. 24' , E|JR;JfXAP2 5, 2 5' . @ 
lR#xaiP2 6, 2 6' SrfiiiTVS. 

[ooi7] ^se^x®jR©2 1.22 tztstthsma 
2 3 1 2 3 - (i-j-ixmiB^AtsKs 

tuW72 7.27' fcJ: oT-t<04rxSEIMmo 
[0018] ^«^X«IR(^2 1,22 KiittSEHRtf 

XAP2 5, 25- &mfc**i«fefi*Be&tt3 

*U A*728, 2 8' tZi-y-CtfzmtRMWitb 
*l**»i:«r->TH4. 50 



^^9-99214 

4 

[ 0 0 1 9 ] *r . ;\*/w:/2 7 fcflBt, 2 7 ' £ 
K#X©JKfSS2 1 0m4»4m#zamLGU&flkK 
2 8ttfflt&*lTVi&. 

[0020] gS&tfXfTO2 1 (MtmtlTtem&f 

a#*tta*a!P 2 4 *t>nwzmizta> . ( iwe 
i) 

®JRf?52 1 <D#SH*1 tCt5^T-ga*T^llt^X<Oia 
«RB**tS*fetl, A0k/2 7*P!t, rOk/2 8 

*wif»B*atTEWMfjtAP2 5 i*)iaMrx« 

iR©2 1 £OSa»4^iWfX«2Sca!Rl5*^ tsajsw 
ffigtf)#x Srffi*&-rS . fc^gtW 1 (cfeJti»Et 

iTJt^X^IUJR^xajP 2 6*&tt«£ft!i:3*i.& . 
(Bfc2> 

-^^i a tC^SS^X®URiS2 1 fciiVvCiSigtfXft 
TV^HL AW2 7' *B»t. E«AJ:0Mlbyxia 

m#x^f#x£{jfc£-rs. ^K^x©jRg[2 2<^ 
iii. (»f^3) 

m^fxf&sm2 2<o$nwi fc*ivc-«*Tjiai 

A/K/2 8 ' SHttfNFB ZM tTEDBWfXAP 2 5 <t 
9i*ag#Xi»JRjit[2 1 c0sgSS4^^gWfX<0«CtiiK«*« 

4tsiascoff«co^'xjfi9&-rs. ■t&tti-miuz 

fc:^je^x^mf4c*^^i!^xo|lIiR*t^$iiS. -r 

iwrx5r@iRur^s^ tmtfzmim 2x-mjs 
x*mmx\,zm&^h. mzm&;zwm2\x' 
»erx*H«wrxfcjifcajs*Tv^4iait:. &&#xia 

IRM2 1 T^Bg^X^*mfte!)^m<fXS:IsutSi-rS. 

jSLii^-efKomfrwAPw^yiogffti r>xm 
[0021] mssi&tfxmmemt 2 tcG&s&ts t> 

OT«^:< . tX 2Ja±WWRk"t* i 



(4) 



&PPF9-99214 



[0022] *mom i <omKmistim%.m. 

Li 2 ZrOs (s) +CO2 (g) 

[0025] 



[0023] mittfzt<n&j&iz£ *)jmmz±s8.-t& 

Vf7J*it>>il>3-TkLXteLit ZrOa , Lit 
ZrOt &fc*#*Nf£*l6. flUtf. Lia ZrOa fi 

«t<o ( i ) cD%j&zx&mzmw.i. (2)<QK 



[0024] 
Hfcl] 

»ZrO: (s) +Li2 COs (1) 
$8 [ft2] 



ZrO z (s) +Li2 COa (1) 
ZZT ( 1 ) 144 0 0*0-5 80t;<?>$&JgrC£t6Jt 
«>. 40 O-C-5 8 OX^&g^KtfX^W^ft*^ 

J#Bj£4u£f.S. St: (2) 0^46 0 0X:ia±<Di& 
Jg£ttTe£t mflB ( 1 ) *>RJSKT4£j£Lfc 

Rf54u£^2r 6 0 0*CJa±OSJ^bfrTtCt5 < £ b iz X 

[0 0 2 6]^7tLi4 ZrO» fcJJff^tt^iS^fr 20 
"PC^K^XCOftlKSJSfciO. ZrOs (s) tLi 2 
CO3 (1) **4y£U Ztt<nW&&mti)*t>m6ttiX 

Li2 O(s) + CO2 (g) —Li 2 CO3 



Li2 ZrOa (s) + CO2 (g) 



(1) 



(2) 



*SJS ( 1 ) mUtiXKft ( 2 ) Offift-CfiffcHftOflte- 

&#s=fiirs£ ©itzRje ( 1 ) mmm 

KJK (2) fc±*:WB3Efl3ifrhS**fctf>. R^^Mtt 

[0027] JKKtf* fcOREfc J: 0^K(SSr4^S 
7^#y&S<0lHM4ji:LT{i. Li2 O, Na 2 0# 

& tz8m$xbn%.mz£ 
~thr)Vii vimzEwmtsnh txa. m % o, c a 

OiW L i 2 OU£lT*> ( 3 ) iOR&fcTlit 
fMfXfcWRU (4) <0R*5TKlWfXS:ftait-S. 
[0028] 

[<k3] 

0) (3) 



[0029] 



L i 2 COs (1) — L i 2 0(s) 



H ft Hfc4 ] 

+CO2 (g) 



(4) 



ZZX' ( 3 ) {±7 0 ox:—! 0 0 0 < Cc0iaST*4it&^ 

«>. 7 0 0X/-1 0 0 oxm^nsmtfzisimitip 

^^Sr^jg-r^ . *fc < 4 ) cORiSi 1 1 0 OXJELt 
^^fettTCfet H?fiB ( 3 ) tf)RJ6tT£j£ 

Ltzfcti&mt: 1 1 0 OX:JaJb«jagKfefrTt:tJ< Z 

[0030] Na: OHL 7001C~1 700X3tf)i&g 
Ti^#XW®JR^£4it£fctf>7 0 omtl 7 0 
0t:*Sl^iaK<O^K^X^M**^S!^W^B?^ 

t . t fc 1 8 o o tm.-cRiGt«iiw» 6«iwwrx» 

ajRfl5^tSJt«>, 180 0-CJ3LhOia^frTtfc 40 
[0031] MgOll 3 0 OX-4 0 O'COfiSTIK 

m#zmmxii£.tz>ti)!t>3 o o-cm±4 o ox:* 
mco^vmtffzttmfr^mmizimtfzm 

^^^KS^aasKjEA^tsfc*). 40 ox: 

Okcomg&Ttzii <Zt lz£ *)mktfx* WOi&it 

[0032]CaOli s 6 0 0X:~8 0 0X:<OjaST^ 
WfZ<mmJ5i£.tht:if>6 0 OTH2Lh8 0 OX:*^50 



6 o oxrmi-cRie^js^^o^SbyxifeaiRffi*^ 

tSJtft. 8 0 0X:JiLh«Offl^#TtctJ< ZtizX*) 
[0033] iiEKK^xfccoSJStJ: 0^i&!i^4u£ 

y±^-g^S5'fbfti*^stftLS^< fc t,-a 

[00 34] WfeJfcLTteLiCOs . K 2 COs « 

omul y ^as>4 v ^ir/i/^ y ±mimcri%mm>^ 

*U». T;l/*y^RJ>l.v^iT^ydJi^S<o^iS 

r;^ y±js^s^s?^<^^< t t-a<7)5~2 5 

n»l %»Jrt-S£fca6«a*U\ ^t*fib<J4^«^ 



(5) 

7 

[ 0 0 3 5 ) »J f->A-fki/;P3^T^K^*x<o«JK. 

Mzismmzmat&t. mmmtf^i* zro 
3 &?frtezz&mvmL\*immti. lata 
( i > , ( 2 > ^ta^<^K^xco«iR • mas%.i&z 

OSUOffl^^tL i 2 Z rOs Aft 

ffiJSJi, Uf">A^>3^T (Li2 ZrOs ) tit 
U 3~25mo l%gSlirtl>.ri:##aU\ 3mo 

£1zl 5 mo l%J3Lh-C{l^K^x®iRKiSfc:ffoT^ 

5. «k"5«F*L<«5~15inol 

JiLi COs tKz CO3 £5 0 : 5 0~7 0 : 3 0 

[0036] S'JOSamJS'Jfc LT^SS^X^iSJKtt 

[0037] V^^T^^—hbLXii. a-Li 
AlO: , j8-LiAl02 . r-LiAlCh *>£>g 
{ftL2.^<tt>-a^f^S. U^A^y^W 30 
-hfcl/CteLiTaOs „ Lis TaO« &mft>tl 
S. 

[0 0 38] L<tt. ^yxtcoRKti') 

AT/P 5 *- r *> L< « 'J A? V? V- V £SSJI1L 

[00 3 9] gsflll§*U>y^A7A'$*-rt>L<« 
y V^-MiLii ZrOs StfiiKj-fcrai 

£3ft.&£fc£J:9Lii ZrOs fiTOiaizSaS 
*U ralBRie^ ( 1 ) ( 2 ) fc^<|SSfctf*tf>!giK • 40 

mm&izw^m&mmm zti& z t izx ->xmrt 
sLi 2 zros m-co£» ■ fsmmzimu m. 
mmz%j&MzmfL£ot?&i>cox'i>z>. 

J •} . L i 2 z r Os fmff£?IJrHBi4»4ini • AlJt 

Ltfxtmzmt/£t>ti&t \,*59&*m±t&z. 

T'K ££Li2 ZrOs a^<7>itMt£*fBSU & 
#TSI>. 50 
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8 

[0040] #2U^SJlI»i. Lia ZrOsSffc 
2tU 13~3 6aS%SgtCfcO. J:9iff*L<tt2 
0~3 0fift%<D&HT'&£. CKtflEMi. 13%OT 

m<miz±t:&smtfiz.mmTbZL i 2 z r o 3 
tty^MwaTtir* y . y h<o**«±^ < . mm 

[oo4i] *m\mm&fxwm\&. mMxt<?> 
^zxnm^i^rh. 'jf-^Afli^a-r. 
Tfrii y * sounum . y ±s^s^k^*^ 

x-b-ox^v YW>&ws.i<'-vifc<miiz\mLtzft 
tmt<mx'®mztLZ>ztti i i&&L\t\ c\<r>t^m> 

¥%ffi&\iO. 0 1/xm~l. OjumT&S CI 

[ 0 0 4 2 ] ^ -/ h^MS^X®)R»«, TOSS 
0. 01jum~l. O^mO^K^Xfc^JStiOIS 

< t i>-n<rM&m®&. tiztezmmzmmz 
miaitz&svimx'Z itzm-m.£Ltz&. mm 

[0043] ttz. is-ym>m^*<nmm\mz. 
\mnxo\iz^^ixh. i-r. ^^eso. oium 

~1. 0 m«^fX t <DWzi O^SSr^T 

mm. *y t^T^-JK yfimf-f^vtcw 

41*7** y ±S^S^^S*J§lt^S$-a:T t> J: 

[0044] El t*-r^WfX«JR§IM<7)»yxiR 
JR«?:^t?^SWlO©JRtti:tTLi2 ZrOa 
fflL^%^. , g£»2fc. ±i£ ( 1 ) 
BWfX<7)iglKKJ5A«fe t&*5j4 0 0-C~5 8 OX^iag 

( i > v&mtfxmiKj&mii. fttmi x-azmi 

ffltoX'b&ZrOi (s) . Li2 COs *^-T4„ — 
82S&3fc:« (2) C^$ft£i^#X<D»fflRJ6# { 

6 o o-ctUKoas^^^ffi^-ri. t , sj&t 



(6) 

9 

rmrcbh. Z1-O2 (s) tLi 2 co 3 «8E?S3fc:;fc 
wCJn»$*i ( 2 ) «OHSMt. m&u^wws&iiz 

J: OSEB2 W*l/Otf:4HiH 1 ^BSSrSS»3 
J: 5 &h Z b i><m I v \ 

[0045] msiiixmmt lx. tcomcomtm. 

mi\iL i 4 z r 04 %mmtfxk(DBiJ&z i OKI 
S^^tS'Jf-^A-fc^rJ-T^ Li 2 O, Na 
2 (X K2 O^fc'cO^BWrxfcORECiO^JS?:* 
ft^ST^'J&g^iHMJj. MgO, CaO^t'OK 10 

«^IM£^Lfc^is^2fcti. ii&MfXtf)® 

[ 0 0 4 6 ] % 02 t^iTI»^x#8S!S<oiKK 
tfxaiBtlfcl/tLii Zr0 3 *H$fflU:i§&. * 
S»4t±E ( 1 ) t*$nS^»^Xco«lRRI5 

#£tSi&4 0 or- 5 8 ox:<oas<o^wr^^ 
->t ( 1 ) <r>m&jfxwms&p$Li. r 

m^MX-hhZ rOi (s) % Li2 CO3 ifi&kt 
wca»4li ( 2 ) fc^£ft6|5^X^;fcttRJ5*<£ 

1 1 6 0 ox:ja±wias^*S:«i&-r * . Z r O2 
(s) . Li 2 co 3 «sSS84fc:i5UTlnia§4 l i. (2) <r> 

[0047] smtfzmmt lt. zcomcowmt. 

ffiz.HL. i 4 Z r 0 4 %k'm&ixk aKBicJ: DM 
IWtftjW-iyf-^fli^a-T^. Li! O, N 30 
a 2 O. K 2 0%b^m6W*t<r>WXii l z£')§mM* 
£SSfrhT)V$V$tM&Wm. MgO, CaOfrfc'tf) 

^ vca»4 lzm&fx<r)1ti.ftBi$tf£.lim.®mc?> 

[0048] *mp)& 1 wftv>m#xm.mb 1 
x. *mm&2<7mmm&jj*<mmt*m^h 40 

®mm^xm&fx<?>ftm)mi. max. B3tc 

[OO4 9]03t^i^X^{!fg|SS:t^|§i^lt 50 



^^9 - 9 9 2 1 4 

1 0 

TlUiTV-H. 12tt#V-K, 13{iU7*- 
l 414^7 have-*. 15iwm*fx#m3m 

-Kft^* 1 ^ CO + H2 O-H2 +CO2 

wtfxi±m£#xttm&mzMti>tim!£tfA<7> 
*£#&u ^ztiKmt#xmxf*v-vizm& 
i-zb^oitox-bz. tj-y (mm) x&tm 

xrv-K <£$v®) fflj'vtt&-rs£By/x<i6 
5 0T;ffis-e&s#ga**s. £&#x#«§s 

Sfc#?&BJfc03S 1 mXr>&8btfXC0®mi t LT#3ffiH 
^IB2<7)»BH<7)^i!^X«I5IJR«^fflv^^Bfe!rxcOi)- 

[0050] #?&Hj|c7)SB 1 <7>mUz £tl\f . Mifcffxco 

tf-*mxi&%M<nx. *®\wtz>z t izx <o fmxxoyfr 
mtmihtifr^izmk#xcwmiwwxt>&. 
[0051] *%m<7)%i2<rymiiziti\f 5 0 o-czm 

t^nmmxa)^hw)imzm^x^m- 

zm^&t. 5oot:^ai.5aia«osrMXfx«>f*^ 
iismizm&rxiftm-&zt&TZ. L&h. 

®\RZti*:m&fxii1i&X'$>htitb. m&o&mtf* 

n&mfi&mbztihmmzm-rtiii. x**^-^> 
m#>mmb%&. 

[0052] 

(HSfcflll ) ^K^XfRJRffk LT«7)T%Sgl^ni<7) 
Li 2 Zr03»*153. 1 gfc. Lis COs 6 2 
mol %. K2 COs 3 8mol %*^^SS^^S*>^> 
SrST^&S 1 mc7)»*3 8 g £7^$ i: 
tfc^ yhtl^li^^l^S^L^. twmzcomi; 
m&4&.&itiWRLBZm mmcnjmtob Lt. 

9. 9MA%^^tlX^h. 

[0053] zcDmi*zm2 iz^-t&mizmzjfxft 

mtb LTEBU ^S^x^^H^5rff^o7t. H 
2fctJV^-C, Ul^^co^SIW. 4li5M*S£ft'C* 
4 . ^Bb{f^lS*Ji^f*^i54 rtHg<tt«n.TV^ . 

M*|ccaS4(C5 5 0X:<?5CO2 :20%. N2 :46 
%. CO : 1 0%. H2 : 1 2%. H2 O : 1 2%bfr 

£>&.i>#x£2 24 1 (g?i*«K)^L. imm 

MZ-tfz. -f-(^6 5 0 , CCO2 : 5 0%. N2 : 1 6 
%, CO : 1 0%, H2 : 1 2%, H2 O : 1 2%*>£ 



1 1 

&s#x2 24 1 (mmm&n) £m<*t£»4c«L 

tZbcOi t&g#54. l%tc±#Lfc. 

[0054] uam i ) mM*frv-xfrt>%h mz 

CO2 :2 0%. N 2 : 4 6%. CO : 2 0%. Hs : 
12%. H 2 O: 12%£*^&6 5 0 0'C«D#*+fc: 

[0055] ( jusm2 ) mmmi n&mfzmmiz 

KtXr-Alt 0 3 *^S^*5rUSL)tJW 

a. mmitmmizm^fxmmmmm^ti, 

iea^so. o%co**r*)03t. 
[0056] mim2 ) msujxmmt \st<n*m 

ftm 1 u<r)L i 2 Z r 0 3 £ Mocy . ,-K'J t'-fr 
7^;PK^^fc^fc2 0I^^S^ 

£2mmgjg. $UL$5 5%gS«7 */PAfc Lfc. CI 
«J:dfc:LT#fcLi2 ZrOa * 
fig 10cm - 100c mffiXT-yUX^nmiiZm 
HL. L* 1 l»afc:»KliLTLi2 COs 6 2mol 
%, K 2 COa 38mol %A^=5rS»£&&fi£mo 1 
itTLiz ZrOa fc*fLT 1 0%8jt£i3Ut. 

[0057] - (rr&imzm 3 fcjs-tiwKfig 

3S2 2, 2 3<0+J*lSK;:EMU #»#Xft**tt*P 
23, 23' . ®JR#XAP25. 25' . mffciiJP2 
4, 24' . lHHR^xajP2 6. 2 6' frRSLfc. A 
)V727, 27' . 28, 28' O&flifciioTtfXsS 
B&Q £>*i& J: o t Lfc. 

( 1 ) a-r. ®wmm&2izttLx. im£t. 550 

X:. CO2 20%. Ai r8 0%a^j£5#X£$5#5 
LcoaLgTClO^flSffil&Uv:. -E-LT. CO2 5%. A 
i r9 5%0#X£f§*:. Z<?ffl. ®JR^H2 2fc*f 

( 2 ) ><l\,7»mz£ ~>X . «JR«SS 2 2 tc*t L 
T. lSvE. 5 5 OX:. CO2 2 0%. Ai r8 0%*» 

T. CO2 5%. Ai r9 5%<9#X£f|>t. dWO. 
®JR^^21t«L-C«i6 5 0 , C. CO2 5 0%. A 

1 r 5 0%K^X^5L«arCl 0«}&L 
fc. -?-LT. CO2 6 5%. Ai r3 5%c7)^Sr# 

( 3 ) y-Ol^/Sfl*: i ot . »JR©^2 1 £2* L 
T. 1§\E. 5 5 OX:. CO2 2 0%. Air80%*> 

^&&tfxzm5Lcvm?ioimmvte. co 

2 5%. Air9 5%<0^»fc, I* (ftJRlSS^ 
3§22fcJtLT«650X:. CO2 50%. Air 50 
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1 2 

£^ 5 LtoaLBtei onaatft&u:. -eu 

T. CO2 6 5%. A i r 3 5 %<7>tf 
[0058] W±<mftHz iititt . 06 (d^-r«fc 3 

[0059] (mmm 3 ) i5S6#xiSJKtt t ltot*? 

juWL i 2 Z r O3 WPXy. #'J h*^ 

10 7f-5-JK 7*A«a'Vf-A'i:itt:2 0eBISiW& 
l/CX^U-fclteU *-:/!✓- Fifefc J: 
3 2mmgjg. 5WUP5 5%g§!<7>7-r/l/AfcU:. £ 
tf5i3tCLT#)tLi2 ZrOa ©^fcJ:S7 A )VJ±Z 
rtS10cm-I§200c m<nXT->VX>g?mXM 
ML. L*»^fcJfflajKfliLTLi2 COs 6 2mol 
%. K2 COa 3 mol 8 %*»£& mo 1 
JtTLi 2 ZrOa £#LX 1 0%jgifr£ML*:. 
[006 0] £<9&. £<O3^£02£ijVtigJK©§ 

8a*tefea%asu ^-xap. xrxaiPJr'ea-e f it2 

20 ^BMLfc. 

( 1 ) £"f. SMZf§tfgf§fc»LT. laE. 5 50 
X:. CO2 20%. Ai r8 0%KKMX^l 

o Lc7>3Lg-r i o msms lk. -eux. co 2 5%. 

( 2 ) ^rmmzj: -or. (SnxsssgtwLT. 1 

^E. 6 5 OX:. CO 2 5 0%. Ai r 5 0%A>&|££ 

^x^tt*ioL<7>a[jrcioi$ra«*&L^. -eLr. 

CO2 6 5%. A i r 3 5 %<?)#;*. 

( 3 ) W/mmz i . i»JRM^t« LT . 1 
30 ^E. 5 5 OX!. CO 2 2 0%. Ai r8 0%*^SES 

CO2 5%. Ai r9 5%(DtfX%mt:. 

&±(Q8&tzXtilf . 06 (c^T J 5 t:^S^^i»JR 

[0061] (HifeM4~7)¥^4gl/i<7)Li2 Z 
rOa &?£WUxy. ^'Jh'^y^-5-;P. 
»S/V^k*fc2 0l§ia^S^LTX7 'J-£tfl£ 

40 Lfc „ CIO J: d t LTlifc L i 2 Z r Os 

iS7-<;l/A^rtgl 0 c m • 1 0 0 c m(OXf V 

^«rtacsBL. Lfrh®tzm*smLxmM5 

5%m.<r>%ftMfttL. «lt^-^g?Si&Li2 Z 

rOa fc«LT»^Lfc. 

[0062] 

[^1] 



(8) 



$$HH £ 9-992 14 



13 



14 





Nt Ht tt M M 

Ultimo lit) 


BinS (Ml*) 






Li a C0» 621/Ij 00, 381 


5 


16 7 




Li* CO, 621/1, COi 38S 


1 0 


195 




Li, CO, 50VR« S CO, 50S 


1 0 


24 4 






0 


3 1 



[0063] £<D®. z<7)&imzm3 &Kt®.w.m 

J£2 2 , 2 3#*&fcI!gL. Sti?#X^fmftAP2 
3, 2 3' @JR#XAP2 5. 2 5' . »fKUn24. 
24' . l5]J|5Wrx{liP2 6, 2 6' £^MU:. 
27, 27' . 28. 28' <7>^f^CJ; 

( 1 ) £-f . ®JR^^SI2 lfcttl/C. lStJE. 5 5 
Or. CO2 20%. Ai r80%4>f,^S^J^ 
5LcojSEST10^Stt*&L>t. -£LT. C0 2 5%. 
A i r 9 5%<r)JfXtWZ. Z(Om. 1MXR882 2t 

( 2 ) >-Oltf«flMCJ:-*T. i8JKf§S£S&2 2fc*t L 
T. 1§vE. 5 5 OX:. CO2 2 0%. Ai r8 0%*> 

T. CO2 5%. Ai r9 5%<9#X£Hfc. ^<0S. 
©!Rfj«SI21t:^LTJi6 5 0 , C. COz 5 0%. A 
i r 5 0%a>£#XH^5L<D&rCl OfifSttl&L 
Jt. CO2 6 5%. Ai r 3 5%?>;ifx£*t 

( 3 ) A^ys^ti^T. ®JRf[SS2 1 fc*TL 
T. l^EE. 5 5 0*C. CO2 2 0%. Ai r8 0%*> 

^js&tfxfc^sLw&rcioBSfatjfc&Lfc. co* 



*2 5%. Ai r9 5%tf)#X£m:. -I*>ISL 
^2 2{C^LT<i6 5 0X:. CO2 5 0%. Air50 
%*>&#XiH5#5LcW&g-ri OlSfSttl&U;. *L 
T. CO2 6 5%. Ai r35%?)#X 
[OO64]i3Lh«OS^iKI0iSU ±^S^SWfxi8 
JR«TJ>6 L i 2 Z r O3 <Oll« 1 0%^'KJR©*^ 

20 [006 5] ($mm8^12) 8M#AiRmikLX 
1 juOL i 2 ZrOs fc&gO. 4~1. 0 

t2 0l^S^^U-CX5»;-^P^L. 
b-K&KioTJfS 2mmgjg<9:7 ^l/Afc Lfc. £ 
<Oi 0 lzLxnti7 4 lOcm-13100 

LT£v?U£ 5 5%S£tf>£?L©ttfc U UagJS* L i 2 

30 [0066] 
[«2] 





BJD«<*tl) 




(X) 






1 5 




7 


B5 


$JfcM9 


20 




6 


B7 




25 




6 


89 




25 


10 


5 


99 


SKfltt 






1 1 


8 1 



3§tf>+*gSfcffiS L . ^yx^mftAP 2 3,2 
3' . I0IIR^XAP2 5, 2 5' . §\ffciJP24, 2 
4' . ®lR#xaiP2 6. 2 6' £-Hv?il2*-j*88 
Lfc. Hltc^-J:3fc:iaJRM^g§ti (¥) (Z>) 20 
fflSU rt)V721, 27' . 28, 28' gmcJ-3*50 



( 1 ) 4-f . Wm®&2 1 fc*t UT. 1 SIE. 5 5 
0"C. CO2 20%. AirSO^KKS^^ 
2. 5LcO&g-C10tfffggt*&Lfc. -£L"C. CO2 5 
%. Ai r9 5%CD#;*.H#>t„ Z<m. "»JRfS32§2 
2(~#LT«#X£{£&L3rfp- ? *:. 



(9) 



^^9-99214 



1 5 

( 2 ) *)V7&mz J: ->X . Wm®& 2 2 £*t L 
T. 1^£E. 5 5 CC. CO2 20%, Ai r8 0%*> 

t>m>ii**whi. 5LcoaE®rioiSfiaffit&L./i. 

*LT. CO2 5%, Ai r 9 5%C0#X£#rt:. <IC7) 

©JRfgSgfff2 1£*tb-ni6 5 0-C. CO2 5 0 
%. A i r 5 0%*>&#X£*5#2 . 5 L^jSLSf 1 0 
Bfta&teUt. <£l/C, CO2 6 5%, Ai r3 5%«0 
#x£f§fc. (3) A^gfl^ioT. ©iR®£8§ 
2 1fc*tLT. 1SIE. 5 5 OX:. CO2 2 0%. Ai 
r8 0%*^j££;5fX£»#2. 5 L<9j£@m OB$|g 10 
ft&Lfc. CO2 5%. Ai r 9 5%<9#X i 
<«. tR)RM§S2 2t:«LT«6 5 0X:. CO2 5 0 
%. Air50%*>W^«»2. 5LC0jatgf-C10 
BSStt^Ut. -£l/C. CO2 6 5%. A i r3 5%« 
if**®*:. 

[0068] jaioawt* 1 0 0 o&m&&t&&xm 

6 5 OX:. 5 0%. Air50%M^- 
^fWfcft»-5L<?)agfffi*&L^<0CO2 fflj££*2 

whew:, -eo&gfitc&aju 

®*<*>«*£S!l£LTB!:£3S£:£tf>. *<9gMII*>fl2£ 20 
[0069] 

&mtfx*i>^mmmtfx0>ftm-r&zti) i *im 26, 26- 

. m&<m#Z$fr^'J?%\i^*)l'*-?m8tff 27, 27' 
X^iSiSr-r 5 Z t tfX'Z h . 30 



1 6 



[@9o{9mwj] 

[S i ] *mv& i <o?&ffloHiim<BT:*i>i.jsa& 

[02] *IKH^l<Oira^-||SS^®-c*S^lS 

[03] *mwm i «o-»stfc5i8 
[04 ] m&tfxftMmm^i-&mm®smm 

[05] »SUiaiBSS^mffi0>«ffi^£^Rfc 

a. 

[06] nitw 3 . msmA iztmmm<?>wmffl 
l.i' •••m^xi»a»^^*-ts^ai« 

2- ^lbyx*%^«c^SS» 

3- [3JR$ilfc»yx<O50S 
4. 4' "#X8gS& 

i i-tv-k 

2 2 -m^XiSJRM 



12- 
13- 
14- 
1 5- 
21, 
23, 
24, 
25, 



23 
24 

25' 



28. 2 8' 



[01] 



[02] 




-3 



trxxa 



It* 

an-* 



[05] 



* AO 



7/-V* :H2*C03 2»H 2 0+C0 2 <-2e--— (5) 
*y-K :1 /2O2 + C0| + 2e~->C0f~ (6> 



£1*. :Hj +1 / 202-*H20 



—(7) 



(10) 
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[06] 



10. 
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1 
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T ■ 
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i 1 
i 1 
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" — — **M3 
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10 15 20 
4*8*61 MW) 
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